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(54) Process for producing dialkyi carbonate 

(57) A process for producing a dialkyi carbonate 
which comprises perfomilng reaction of allophanate 
represented by the following general fomiula (1 ) and an 
alkyi alcohol represented by the following general for- 
mula (2) as raw materials, thereby producing a dialkyl 
carijonate represented by the following general formula 
(3). 



(1) R0-C0-NH-C0.NH2 

(2) ROH 

(3) RO-CO-OR 

wherein R Is an alkyl group. 
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Description 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 

[0001] The present invention relates to a process for 
producing a dialkyi carbonate, and specifically, to a 
process for effective utilization of allophanate by-pro- 
duced during reaction or at a purifying stage in the pro- 
duction of a dialkyi carbonate comprising reacting urea 
and alcohol. The dialkyi carbonate produced according 
the process of the present invention Is useful as a raw 
material of diaryl carbonate. 

2) Prior Art 

[0002] Japanese Patent Kokai (Laid-open) No. 
55-102542 describes a process for producing a dialkyi 
carbonate by reaction of urea and alcohol. Japanese 
Patent Kokai (Laid-open) Nos. 55-102543, 57-175147 
and 57-26645 describe processes for producing a di- 
alkyi carbonate by reaction of alkyi carbamate and al- 
cohol and further Japanese Patent Kokai (Laid-open) 
Nos. 10-109960, 10-259163, 10-259166 and 11-60541 
disclose improved processes thereof. However, In 
above-mentioned prior art gazettes, the production of a 
by-product and its component have been not known. 

SUMI\/1ARY OF THE INVENTION 

[0003] The inventors have found that a solid sub- 
stance having an indistinct structure is produced In the 
production of a dialkyi carbonate from urea and alcohol 
and deposited on a condenser of a distillation column 
and pipes in its vicinity. When operation of the distillation 
column was perfomied without removing it, there 
caused problems that pipes were blockaded to prevent 
a flow of liquid and accurate flow rate was not indicated 
due to its deposition on a flow meter. Thus, it was nec- 
essary to remove the solid substance with a strainer or 
in a settling vessel. Further, the inventors analyzed the 
solid substance and found that it is allophanate. How- 
ever, properties of allophanate were not known in detail. 
Therefore, any method except waste disposal of allo- 
phanate was not found. Since allophanate Is by-pro- 
duced from urea or alkyI carbamate of a raw material, 
waste disposal of allophanate to be by-produced 
caused lowering unit consumption of raw material. 
[0004] From the above-mentioned viewpoints, an ob- 
ject of the present invention is to provide a process for 
effective utilization of allophanate by-produced and to 
eliminate an apparatus for removing allophanate by- 
produced and operation for removal thereof. 
[0005] As a result of extensive studies to utilize effec- 
tively allophanate as a by-product which has been waste 
disposed hitherto, the inventors have found that allo- 
phanate can be used as a raw material Instead of urea 



or together with urea In the production of a dialkyi car- 
bonate and furthermore can be returned to a reactor for 
production of a dialkyi cartsonate in the state of an alco- 
hol solution or a slurry without perfomning separation, 

s ' and have accomplished the present Invention. 

[0006] That Is, the present Invention provides a proc- 
ess for producing a dialkyi carbonate which comprises 
performing reaction of allophanate represented by the 
following general fomiula (1) and an alkyi alcohol rep- 

10 resented by the following general f orniula (2) as raw ma- 
terials, thereby producing a dialkyi carbonate represent- 
ed by the following general fomiula (3). 



IS 



(1) R0-C0-NH-C0-NH2 

(2) ROH 

(3) RO-CO-GR 



wherein R is an alkyi group. 

[0007] Further, the present Invention provides a proc- 

20 ess for producing a dialkyi carbonate which comprises 
performing reaction of urea and/or an alkyi cart)amate 
represented by the following general fomiula (4) and an 
alkyi alcohol represented the following general formula 
(2) as raw materials, thereby producing a dialkyi carbon- 

25 ate represented by the following general fomiula (3), 
wherein allophanate represented by the following gen- 
eral formula (1 ) to be produced as by-product Is reused 
as one of raw materials. 

30 (1)R0-C0-NH-C0-NH2 

(2) ROH 

(3) RO-CO-OR 

(4) RO-CO-NH2 

35 wherein R Is an alkyi group. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] Rgure 1 is a flow sheet including apparatuses 
40 for continuous reaction and purification of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

45 [0009] The present Invention will be described in de- 
tail below. 

[001 0] The alkyi alcohol to be used as a raw material 
for the production of a dialkyi carbonate Is not limited. 
An alkyi alcohol having 3 to 6 carbon atoms (R in above- 
so mentioned general fomnulas: an alkyi group having 3 to 
6 carbon atoms) is preferable. Examples of the alkyi al- 
cohol include propanol, butanol, pentanol, hexanol and 
isomers thereof. 

[0011] As other raw material, allophanatecanbeused 
S5 instead of urea. Although only allophanate can be used 
instead of urea, it Is preferable to add allophanate ob- 
tained as a by-product to urea, alkyi carbamate or a mix- 
ture of urea and alkyi carbamate as raw materials. 
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[0012] The alkyi carbamate of the present invention 
is an intermediate of a dialicyl carbonate to be obtained 
in the reaction of urea and above-mentioned alkyI alco- 
hol. Although it is possible also to advance the reaction 
until all<yl carbamate disappears, the reaction is stopped 
prior to its disappearance and then alkyI carbamate is 
recovered from the reaction liquid and can be also re- 
used as a raw material. 

[0013] Each proportion of urea, alkyI carbamate and 
atlophanate is not limited. In the present invention, when 
only allophanate Is used instead of urea as a raw mate- 
rial, a dialkyi carbonate represented by the general for- 
mula (3) is produced by reaction of allophanate repre- 
sented by the general fomiula (1) and an alkyl alcohol 
represented by the general formula (2). 

{1)R0-C0-NH-C0-NH2 

(2) ROH 

(3) RO-CO-OR 

wherein R is an aikyl group and preferably an alkyl group 
having 3 to 6 carbon atoms. 

[0014] Further, when allophanate Is used as one of 
raw materials, a dialkyi carbonate represented by the 
general fomnula (3) is produced by reaction of urea and/ 
or alkyi carbamate represented by the general formula 
(4), allophanate represented by the general fonnula (1) 
of a by-product and an alkyl alcohol represented by the 
general fonnula (2). 

(1) R0-C0-NH-C0-NH2 

(2) ROH 

(3) RO-CO-OR 

(4) RO-CO-NH2 

wherein R is an alkyl group and preferably an alkyl group 
having 3 to 6 carbon atoms, 

[0015] These raw materials are mixed. The reaction 
in a mixture thus obtained is preferably performed with 
heating in the presence of a catalyst. In order to advance 
readily the reaction, it is necessary to exhaust ammonia 
produced by the reaction outside the reaction system. 
Therefore, it is preferable that the reactor Is equipped 
with a reflux condenser and the reaction is performed in 
the state in which the reaction liquid Is refiuxed. Alkyl 
carbamate is produced at the Initial stage of the reaction 
from allophanate and urea. When the reaction temper- 
ature is too high at this stage, side reaction occurs. It is 
preferable that the reaction temperature at the Initial 
stage of the reaction is 100 to 200 and the reaction 
temperature at the stage to produce a dialkyi carbonate 
from alkyl carbamate is 1 60 to 260 ^C. 
[0016] It Is preferable that the reaction is performed 
in a high boiling point solvent having a boiling point of 
180 •C or above. Although it is necessary to apply a 
pressure in order to maintain preferable reaction tem- 
perature without using a high boiling point solvent, the 
reaction can be performed under about atmospheric 
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pressure by using a high boiling point solvent. Examples 
of preferable high boiling point solvent include hydrocar- 
bons and ethers. Although the hydrocarbons may be 
aliphatic unsaturated hydrocarbons, saturated hydro- 

5 carbons or aromatic hydrocarbons having high stability 
are preferable. Ethers may be aromatic ethers, aliphatic 
ethers or aromatic aliphatic ethers. 
[0017] Examples of preferable hydrocarbon solvent 
include undecane, dodecane, tridecane, tetradecane, 

10 pentadecane, hexadecane, heptadecane, octadecane, 
nonadecane, eicosane, tetramethylpentadecane, dicy- 
ctohexyl, hexylbenzene, cyclohexylbenzene, heptyl- 
benzene, octylbenzene, nonylbenzene, decylbenzene, 
undecylbenzene, diisopropylbenzene, triisopropylben- 

15 zene, pentamethylbenzene, methylnaphthalene, diphe- 
nylmethane, ethylbiphenyl, bibenzyl and Isomers there- 
of. 

[0018] Examples of preferable ether solvent include 
dihexyl ether, dioctyl ether, cyclododencyl methyl ether, 
20 diethyleneglycol dimethyl ether, diethylenegiycol dibutyl 
ether, triethyleneglycol dimethyl ether, tetraethylenegly- 
col dimethyl ether, butyl phenyl ether, benzyl phenyl 
ether, dibenzyl ether, diphenyi ether, ditoiyi ether and 
isomers thereof. 
25 [001 9] It is preferable that the amount of high boiling 
point solvent is about 0.1 to 10 mol per 1 mol of sum 
total of urea, alkyl carbamate and allophanate as the raw 
materials. It is preferable that the amount of alkyl alcohol 
Is about 0.5 to 1 0 mol per 1 mol of sum total of urea, 
30 aikyl carbamate and allophanate as the raw materials. 
[0020] As the catalyst for the reaction, the catalyst de- 
scribed In Japanese Patent Kokai (Laid-open) Nos, 
55-102542, 55-102543, 57-26645 and 57-175147 can 
be used. Among them, particularly, an oxide, a hydrox- 
ys ide, a halogenide, an inorganic salt, an organic salt, an 
alkoxide, an alkyl-substituted oxide or an alkylalkoxide 
of at least one metal selected from the group consisting 
of zinc, lead, copper, tin, titanium, gallium and indium 
exhibits high activity for the reaction. 
40 [0021 ] The reaction can be performed in a batch proc- 
ess or in a continuous process. In a batch process, it Is 
preferable that total amount of alkyl alcohol is not added 
at the starting time of the reaction, but gradually added 
with progress of the reaction. In a continuous process, 
^5 it is preferable that the reaction is perfomned in a cas- 
cade process with plural reactors. It is preferable that 
the number of the reactor is 3 to 5. Alkyl alcohol can be 
fed to each reactor. 

[0022] After the completion ofthe reaction, the intend- 
50 ed dialkyi carbonate can be obtained by separating by 
distillation from the reaction liquid, it is possible to sep- 
arate both the catalyst and the high boiling point solvent 
contained in the reaction liquid as high boiling matter in 
distillation and the alkyl alcohol as low boiling matter in 
55 distillation. Allophanate is separated together with alkyl 
alcohol as low boiling matter since it is a substance hav- 
ing a sublimation property. Although the liquid removed 
both low boiling matters and high boiling matters can be 
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used as dialkyl carbonate, if nece^ry, further distilla- 
tion purification may be performed. In this case, as de- 
scribed in Japanese Patent Kokai (Laid-open) No. 
2000-1461 , It Is possible also to promote the separation 
by adding a third substance. 

[0023] Allophanate contained in alky! alcohol can be 
separated by filtration since it Is deposited by cooling. 
In order to perfomi efficiently the separation, it is pref- 
erable that a settling vessel is equipped and allophanate 
Is deposited on Its bottom section and then filtered. Al- 
lophanate thus separated is not only used alone as the 
raw material, but used together with urea and/or alkyi 
carbamate as one of the raw materials. 
[0024] Industrially it is preferable that an alkyi alcohol 
solution of allophanate obtained by distillation or a slurry 
thereof is used as the raw material for the reaction since 
the efficiency is low when allophanate Is filtered. Total 
amount of alcohol separated by distillation may be re- 
turned to the reactor since the alkyi ak^ohol is unreacted 
and its total amount is smaller than an amount to be re- 
quired for the reaction. Therefore, the reaction can be 
performed again by adding urea and/or atkyi cari^amate 
and alkyi alcohol to the liquid. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0025] The present invention will be described in more 
detail below, referring to Examples, which are not in- 
tended to limit the scope of the present invention. 
[0026] The word "butyl" described in Examples 
means "n-butyl". 

Example 1 

[0027] A reactor equipped with a separable flask of 
capacity 500 ml with a baffle plate connected an Allihn 
cooler and a stirrer of fan turi^ine blade was used. Hot 
water of 60 *C was passed through the cooler. 25.00 g 
(156 mmol) of butyl allophanate, 5.70 g (76.9 mmol) of 
butanol, 2.89 g (11.6 mmol) of dibutyl tin oxide and 
214.70 g (1,26 mol) of diphenyl ether were charged to 
the reactor and reacted for 4 hours with stirring while 
heating in an oil bath. It was considered that the time 
when the temperature of reaction liquid reached to 130 
•0 was reaction start time. Then, the temperature was 
adjusted so as to maintain 1 80 after one hour of the 
reaction starting, 200 '*C after 2 hours and 205 to 210 
after4 hours.The oil bath temperature was gradually 
elevated from 1 60 at the time of the reaction starting 
to 235 at the time of the reaction completion. Butanol 
was added during the reaction so as not to elevate the 
reaction temperature to excess. Total amount of butanol 
used as the raw material was 33.37 g (450 mmol). After 
the completion of the reaction, the yield of dibutyt car- 
bonate was 36.24 g (208 mmol). The yield of dibutyl car- 
bonate based on butyl allophanate was 66.7 %. 
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Example 2 

[0028] The reaction was performed in the same man- 
ner as in Example 1 except that 1 2.50 g (78.0 mmol) of 

s butyl allophanate and 9.37 g (156 mmol) of urea were 
used instead of 25.00 g of butyl allophanate as the raw 
material and charge of butanol was changed from 5.70 
g to 1 7.38 g (234.5 mmol). Total amount of butanol used 
as the raw material became 38.54 g (520 mmol). After 

10 the completion of the reaction, the yield of dibutyl car- 
bonate was 33.80 g (1 94 mmol) and the yield of dibutyl 
cari3onate based on total amount of butyl allophanate 
and urea was 62.2 %. 

IS Example 3 

[0029] The reaction and'purification were perfomied, 
as shown in Figure 1 , using four stage continuous reac- 
tors and three distillation columns. In each reactors 1 , 

20 2, 3 and 4, a vessel of capacity 350 L equipped with a 
baffle and a stirrer was used. 0.037 mol of dibutyl tin 
oxide and 4 mol of diphenyl ether per 1 mol of urea were 
added to preliminary mixing vessel 15 to disperse uni- 
formly and then continuously introduced to reactor 1 via 

25 conduit pipe 9. The introduction rate was adjusted so as 
to maintain 100 kg/hr. Heating was performed by pass- 
ing a heated medium of 230 ^'C through a coil to each 
reactor. The temperature in each reactor was adjusted 
so as to maintain 170 *C in reactor 1 , 1 80 in reactor 

30 2, 1 90 in reactor 3 and 200 in reactor 4. Butanol 
was introduced via conduit pipe 1 0 so as to maintain the 
reaction temperature to a prescribed temperature. The 
amount of butanol to be introduced via conduit pipe 10 
during steady operation became 10 kg/hr. Hot water of 

35 60 ^'C was passed through reflux condensers 5, 6, 7 and 
8. The reaction liquid was withdrawn via reaction liquid 
withdrawing pipes 11,12, 13 and 14 connected to each 
reactor so as to maintain the liquid amount in each re- 
actor to 230 L. Ammonia generated from each reactor 

40 was separated from butanol through reflux condensers 
5,6,7 and 8 and then exhausted via conduit pipe 1 6. 
[0030] The reaction liquid was introduced to distilla- 
tion column 1 7 via conduit pipe 1 4. The introduction rate 
was 108 kg/hr. Distillation column 17 was adjusted so 

45 as to maintain column top pressure of 2.7 kPa, column 
top temperature of 102 and column bottom temper- 
ature of 145 *C . The column bottom liquid, which was 
a mixture of the catalyst and diphenyl ether, was re- 
turned to preliminary mixing vessel 15 via conduit pipe 

50 20 to reuse. 

[0031] Themixture of butanol, dibutyl carbonate, butyl 
carisamate, diphenyl ether and butyl allophanate ob- 
tained from the column top section was introduced to 
distillation column 1 8 via conduit pipe 21 . Distillation cot- 

55 umn 1 8 was adjusted so as to maintain column top pres- 
sure of 13.3 kPa, column top temperature of 67 *C and 
column bottom temperature of 1 40 ''C. Butanol and butyl 
allophanate were obtained from the column top section 
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and introduced to reactor 1 via cona[jit pipe 22 as a slur- 
ry liquid of butyl allophanate. The introduction amount 
was butanot 3 kg/hr and butyl allophanate 150 g/hr. 
[0032] The mixture of dibutyl carbonate, butyl car- 
bamate and diphenyl ether was Introduced to distillation s 
column 19 via conduit pipe 23. In order to ensure effi- 
cient separation of dibutyl carbonate and butyl car- 
bamate, phenol was introduced to distillation column 1 9 
via conduit pipe 24. Distillation column 19 was adjusted 
so as to maintain column top pressure of 2.7 kPa, col- io 
umn top temperature of 91 *C and column bottom tem- 
perature of 125 ""C . A mixture of dibutyl carbonate and 
phenol was obtained from the column top section via 
conduit pipe 26 . A mixture of butyl carbamate and 2. 
diphenyl ether obtained from the column bottom section is 
was returned to preliminary mixing vessel 15 via conduit 
pipe 25 to reuse. 3. 
[0033] After introduction of butyl carbamate to prelim- 
inary mixing vessel 15 via conduit pipe 25 was started, 
the feed amount of urea was adjusted so as to maintain 20 4. 
1 mol of sum total of butyl carbamate and urea per 4 mot 
of diphenyl ether 

[0034] The apparatuses were continuously operated 
for 80 hours. Steady state was reached after 30 hours 
of operation starting. The feed rate of urea in a steady 2s 
state was 72.5 mol/hr, whereas the production rate of 
dibutyl carbonate to be obtained via reaction liquid with- 5. 
drawing pipe 14 was 72.2 moi/hr (99.6 mol% to fed 
urea). The yield of dibutyl carbonate based on urea was 
Increased more by 2.6 % than in Comparative Example 30 
1 where butyl allophanate was not returned to reactor 1 . 6. 

Comparative Example 1 

[0035] The operation was performed for 80 hours in 35 
the same apparatuses and procedure as in Example 1 7. 
except that butyl allophanate was cooled to 5 "C to de- 
posit in a settling vessel equipped in a lower portion of 
condenser of distillation column 1 8 and only butanol was 
returned to reactor 1 via conduit pipe 22. But, in order 40 
to remove butyl allophanate, procedures to withdraw 
butyl allophanate from the settling vessel every one hour 
and filter out it from butanol became necessary. The 
feed rate of urea in a steady state was 73.3 mol/hr, 
whereas the production rate of dibutyl carbonate to be 45 
obtained via reaction liquid withdrawing pipe 14 was 
71 .1 mol/hr (97.0 mol% to fed urea). 
[0036] The present invention provides a novel proc- 
ess for producing dialkyi carbonate. Further, according 
to the process of the present Invention, unit consump- so 
tion of raw materiai is enhanced and a step for separa- 
tion removal of allophanate can be eliminated in a proc- 
ess for production of diaikyl carbonate. 

8. 

55 

Claims 

9. 

1 . A process for producing a diaikyl carbonate which 



comprises perfonming reaction of allophanate rep- 
resented by the following general formula (1) and 
an atkyi alcohol represented by the following gen- 
eral fomnula (2) as raw materials, thereby producing 
a dialkyi carbonate represented by the following 
general fomnula (3). 

(1) R0-C0-NH-C0-NH2 

(2) ROH 

(3) RO-CO-OR 

wherein R is an alkyi group. 

The process according to claim 1 , wherein R is an 
alkyI group having 3 to 6 carbon atoms. 

The process according to claim 1 or 2, wherein said 
reaction is performed in the presence of a catalyst. 

The process according to claim 3, wherein said cat- 
alyst is an oxide, a hydroxide, a halogenide, an in- 
organic salt, an organic acid salt, an alkoxide, an 
alkyl-substituted oxide or an alkylalkoxideof at least 
one metal selected from the group consisting of 
zinc, lead, copper, tin, titanium, gallium and indium. 

The process according to any one of claims 1 to 4, 
wherein said reaction is perfomned at a temperature 
of 100to260"C. 

The process according to any one of claims 1 to 5, 
wherein said reaction is perfomned in a high boiling 
point solvent having a boiling point of 180^C or 
above. 

A process for producing a dialkyi carbonate which 
comprises perfomning reaction of urea and/or an 
aikyi carbamate represented by the following gen- 
eral formula (4) and an alkyl alcohol represented the 
following general formula (2) as raw materials, 
thereby producing a diaikyl carbonate represented 
by the following general fonnula (3), wherein allo- 
phanate represented by the following general for- 
mula (1 ) to be produced as by-product is reused as 
one of raw materials. 

(1) RO-CO-NH-CO-NH2 

(2) ROH 

(3) RO-CO-OR 

(4) RO-CO-NH2 

wherein R is an alkyl group. 

The process according to claim 7, wherein R is an 
alkyl group having 3 to 6 carbon atoms. 

The process according to claim 7 or 8, wherein said 
allophanate is separated by filtration. 
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10. The process according to any one of claims 7 to 9, 
wherein said allophanate is separated and then fed 
to a reactor together with urea as raw material. 

11. The process according to any one of claims 7 to 10, s 
wherein said allophanate is fed to a reactor as a 
sluny or a solution of alkyi alcohol represented by 
the general fomiula (2) without performing separa- 
tion. 



10 



1$ 



20 



25 



30 



35 



40 



45 



SO 



55 




Figure 1 



